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ceased. The elevation of the spillway of the dam is 844 feet above sea-level, and the ditch taken from the outlet commands all lands on the plantation below the 700-foot level.
After the completion of the dam in 1905, it was decided to widen the spillway from 50 feet to 125 feet and the material excavated was sluiced to the lower toe of the dam against the rock-fill, where it assumed a natural slope of about 5 on 1, reaching to a height of 25 to 30 feet upon the down-stream face of the dam. This addition was considered of doubtful value because it was not previously underdrained, and tended to cut off the drainage afforded by the rock-fill although increasing the stability of the steep rock-slope. Inasmuch as seepage has steadily decreased, however, since this work was done, it must be admitted that the toe embankment is unobjectionable. During the freshets in the summer of 1907 the reservoir was filled to overflowing, and water poured through the enlarged spillway to a depth of 2 feet for a considerable time.
The ditch from the reservoir was built a distance of eleven miles, with a capacity, of 96 sec. ft. It involved the excavation of twenty-one tunnels, 6'X6', aggregating 20,780 feet, the longest being 1700 feet. They were excavated by contract at a cost of 40 cents per linear foot in earth, 60 cents to $1.00 per foot in soft rock, and $4.00 per linear foot in solid rock. Open ditch excavation cost 16.5 cents per cubic yard. It also required the building of three notable inverted siphons of riveted steel pipes of following dimensions:
Pohamoho Gulch, 54 inches diameter, 1320 feet long, 400 feet max. head. Halemano " 54 "         "                               300 " li li
Opaeula         ic    48      "         "          900    "   "     200    "      "
All work was done by Japanese laborers and artisans, including the placing and field riveting of the pipes.
At one point a ravine was crossed with a temporary flume, 50 feet high, which was subsequently substituted by an earth dam sluiced in place by the water from the ditch and forming a convenient service reservoir for night-water storage. This work was planned and executed by Mr. W. W. Goodale, manager of the Waialua Plantation, the entire dam being finished in about three weeks to a height of 50 feet. It has slopes of about 2 on 1 on each side. It is composed entirely of the red volcanic soil of the country.
The description of the work has been given somewhat in extenso because it is unique in many respects, and is a successful example of the'marked advantages of the hydraulic-sluicing system in overcoming natural difficulties that were generally regarded as insurmountable. With the experience derived from the behavior of the soil under hydraulic sluicing, it is apparent that there would have been no risk in building